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(54) METHOD FOR INTRODUCING NUCLEIC ACIDS INTO A CELL

(57) The present invention provides the use of a nu-
cleic acid encoding SOCS 1 for enhancing the efficacy
of introducing at least one nucleic acid of interest into a
cell; a method of repeated transfection of a cell with at
least one nucleic acid of interest comprising the steps of
adding
a) nucleic acid encoding SOCS1, and simultaneously or
subsequently b) at least one nucleic acid of interest en-
coding at least one polypeptide of interest, wherein at

least step b) is repeated at least once; and a method of
electroporation of a cell with at least one nucleic acid of
interest comprising the steps of adding to the cell a) a
nucleic acid encoding SOCS1, and simultaneously or
subsequently b) said at least one nucleic of interest. The
at least one nucleic acid of interest and the nucleic acid
encoding SOCS 1 may be mRNAs, wherein each of said
mRNAs has a poly(A) tail at its 3’end comprising at least
200 adenines.
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Description

Background

[0001] Transfection of nucleic acids, e.g. DNA or RNA,
triggers a so called innate immunity in cells. Cytoplas-
matic proteins recognize non-self nucleic acids und ac-
tivate signal transduction pathways resulting among oth-
ers in production of cytokines and may lead to apoptosis
of the cell. One signaling pathway which is triggered is
the interferon (IFN) signal transduction pathway. Such
effects are not important for the survival of the cell if the
cells are transfected once. But a strongly increased death
of the cells is observed if the cells have to be transfected
repeatedly within several days. Regularly, this leads to
cell death of the transfected cells.
[0002] The vaccinia virus soluble alpha/beta interferon
receptor (B18R) binds to the cell surface and protects
cells from the antiviral effects of IFN (Alcami et al, 2000,
Journal of Virology, 74:11230-11239). Addition of the
protein B18R protein to cell media after repeated trans-
fection of cells results in a strongly decreased death of
cells and in an increased expression of the transfected
gene. B18R protein, for example, is added to a cell me-
dium after daily performed transfection of cells for the
reprogramming of primary, differentiated cells to induced
pluripotent stem cells (iPSCs) by means of mRNAs of
reprogramming factors (Warren et al. 2012, SCIENTIFIC
REPORTS 2 : 657, DOI: 10.1038/srep00657). B18R is
added as a protein to the medium and therefore has the
disadvantage of a laborious and expensive production.
Often purified proteins still are contaminated with un-
wanted components such as endotoxins which cannot
be separated from the protein or only with immense effort.
In addition, proteins prepared for adding to another en-
vironment such as a cell culture medium often cause trou-
ble in estimating the real concentration in the new envi-
ronment as proteins often have hydrophobic areas which
stick to the wall of the vessels harboring the protein.
[0003] Poleganov et al. (Hum Gene Ther 2015, 26 (11),
751-66) report a combination of various viral mRNAs
(Vaccinia virus derived mRNAs of B18R, E3 and K3) to
rescue the cells from the unwanted effects of activation
of the innate immunity. When combined with reprogram-
ming-associated microRNAs (miRNAs), this results in an
feeder-free iPS cell generation method. The disadvan-
tage of this method is the rather complex mRNA/miRNA
cocktail which is necessary for promoting reprogram-
ming.
[0004] In Hong and Carmichael (2013, THE JOURNAL
OF BIOLOGICAL CHEMISTRY, 288: 16196-16205) it is
shown that an attenuated cellular response to type I IFNs
may be a general feature of pluripotent human stem cells
and that this is associated with high expression of sup-
pressor of cytokine signaling 1 (SOCS1).
[0005] It has been described that most mRNAs within
a cell have poly(A) length of 50 to 150 nucleotides (Jal-
kanen, AL et al., Semin Cell Dev Biol. 2014; 34:24-32.).

[0006] Therefore, the general assumption is that for
mRNAs produced in vitro, poly-A tails resembling the
length found in cells should be used. Whereas very short
poly-A tails are associated with faster degradation, it has
been shown that translation efficiencies of mRNA in-
creases with poly-A length in a range of 15 to 98 ade-
nosines (Preiss, T et al., RNA. 1998 ;4(11):1321-31).
Typically, poly-A tail lengths for in vitro transcribed mR-
NAs are in a range of 20 to 200 nucleotides. In the above-
mentioned publication by Poleganov et al all mRNAs con-
tained a poly A tail of exactly 120 A.
[0007] E.coli poly(A) polymerase, the most common
enzyme to polyadenylate RNA in vitro, has been de-
scribed to give poly-A tails of only 20 - 150 nucleotides.
When combined with Hfq protein, of up to 900 nucleotides
have been described (Hajnsdorf E et al., Proc Natl Acad
Sci USA. 2000, 15;97(4):1501-5.). Few poly(A) polymer-
ases are able to generate longer poly(A) tails, e.g. yeast
poly(A) polymerase.
[0008] There is a need in the art for an improved or
alternative method for introducing nucleic acid molecules
of interest into a cell which reduces the unwanted effects
of the so called innate immunity of the cells which can
occur by introducing nucleic acids into a cell.

Summary of invention

[0009] Surprisingly it was found that a nucleic acid en-
coding SOCS1 such as SOCS1 mRNA can be used with
beneficial effects for the expression of a nucleic acid of
interest encoding a polypeptide of interest in a cell (for
example in a cell culture medium) which is co-introduced
(e.g. by transfection or electroporation) with said nucleic
acid encoding SOCS1 such as SOCS1 mRNA. It was
completely unexpected that a nucleic acid encoding
SOCS1 such as SOCS1 mRNA can be used for repeated
transfection processes as well as for an electroporation
process to achieve the beneficial effects for the expres-
sion of the co-introduced nucleic acid(s) of interest. The
introduction of said nucleic acid encoding SOCS1 into a
cell reduces the effects of the so called innate immunity
of cells, thereby improving cell survival and/or improving
expression of a co-introduced nucleic acid of interest in
the cell compared to a cell in which the nucleic acid en-
coding SOCS1 was not co-introduced. The introduction
of said nucleic acid encoding SOCS such as SOCS mR-
NA into a cell reduces the effects of the innate immunity
of cells by promoting cell survival due to attenuating the
type I IFN response of a cell. Normally, especially repeat-
ed transfection of nucleic acids triggers the innate immu-
nity in cells which subsequently may lead to apoptosis
of the cell. Therefore, it is completely unexpected that a
sole nucleic acid encoding SOCS1 such as SOCS1 mR-
NA used e.g. in a cell culture medium for repeated trans-
fection of a cell escapes this fate and can assist other
nucleic acids which are co-transfected to become ex-
pressed in the transfected cell. Again, the expression of
SOCS1 in the transfected cell attenuates the cellular re-
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sponse to type I IFNs which normally may lead to apop-
tosis, thereby reducing the effects of the innate immunity
of the cells. Other nucleic acids such as B18R mRNA
alone did not show this beneficial effect although B18R
protein (as a gold standard in the prior art) is added to a
cell medium after daily performed transfection of cells for
the reprogramming of primary, differentiated cells to in-
duced pluripotent stem cells. As mentioned above on the
level of nucleic acids until now only a combination of var-
ious viral mRNAs have been shown to rescue the cells
from the unwanted effects of activation of the innate im-
munity. Surprisingly we identified that one nucleic acid,
i.e. a nucleic acid encoding SOCS1, preferentially
SOCS1 mRNA introduced into a cell is sufficient to avoid
or reduce the effects of activation of innate immunity.
[0010] The nucleic acid encoding SOCS1 such as
SOCS1 mRNA as agent within a transfection process
(e.g. in a cell culture medium) for reducing the effects of
the innate immunity of cells in a repeatedly transfected
cell has the benefit of being a nucleic acid, which does
nor harbor the above-mentioned disadvantages of a pro-
tein such as B18R. Especially, the production of a nucleic
acid such as an mRNA and its purification is easier com-
pared to a protein. The nucleic acid encoding SOCS such
as SOCS mRNA as agent (e.g. in a cell culture medium)
for reducing the effects of the innate immunity of cells in
a repeatedly transfected cell has also the benefit of being
one nucleic acid only compared to the combination of
various viral mRNAs (" a cocktail") which have been
shown in the art to rescue the cells from the unwanted
effects of activation of the innate immunity.
[0011] The nucleic acid encoding SOCS1 and the at
least one nucleic acid of interest encoding a polypeptide
of interest which are added to the cell (e.g. by adding the
said nucleic acids to a medium harboring the cell to be
transfected) simultaneously or subsequently may be
DNA molecules which are transcribed into mRNAs and
subsequently translated into polypeptides, so they can
exert the above-described effects. Alternatively, the nu-
cleic acid encoding SOCS1 may be a SOCS1 mRNA
molecule and the nucleic acids of interests may be either
DNA or RNA. Preferentially, both the nucleic acid encod-
ing SOCS1 and the nucleic acid(s) of interest encoding
polypeptide(s) of interests may be mRNA molecules.
[0012] In addition surprisingly it was found that the
longer the poly(A) tail of the mRNAs (both the SOCS1
mRNA and the mRNA encoding polypeptides of interest)
the better the transfection efficacy and/or the level of ex-
pression of the polypeptide(s) of interest encoding by the
nucleic acid(s) of interest. This means that the longer the
poly(A) tail of the mRNAs the more repeated transfec-
tions of the same cell is possible. Therefore, preferen-
tially, the mRNA used in the present method has a poly(A)
tail at its 3’ end comprising at least 200 adenines, more
preferentially at least 1500 adenines, even more prefer-
entially at least 2000 adenines and most preferentially at
least 4000 adenines. Such long poly (A) tails can be gen-
erated by e.g. yeast poly(A) polymerase.

[0013] As long as the nucleic acid encoding SOCS1 is
present in the transfected cell (i.e. it is translated into a
polypeptide), achieved e.g. by the first co-transfection of
the nucleic acid encoding SOCS1 and the at least one
nucleic acid of interest, it is sufficient for a repeated trans-
fection (or for several repeated transfections) of the same
cell to transfect said cell with said at least one nucleic
acid of interest.
[0014] Even more unexpectedly, it was found that un-
modified or only slightly modified mRNA of the nucleic
acid encoding SOCS1 and of the nucleic acid(s) of inter-
est used in the methods of the present invention is even
better than the modified or stronger modified variants of
said nucleic mRNAs (e.g. 100% of the nucleobases uracil
and/or cytosine are modified nucleobases). This is sur-
prising because regularly rather strongly modified mRNA
of gene(s) of interests are used to achieve a more stable
mRNA molecule for transfection and the activation of in-
nate immune responses is much more pronounced by
unmodified mRNA (Kariko et al. Immunity 2005, 23 (2),
165-175).
[0015] In addition surprisingly, it was found that the nu-
cleic acid encoding SOCS1 can also be used in a method
of electroporation of a cell with at least one nucleic acid
of interest (e.g. in a cell culture medium) resulting in im-
prove survival of the cells and/or resulting in more cells
expressing the nucleic acid molecule(s) of interest in the
cell.

Brief description of the drawings

[0016]

FIG 1: Flow cytometric determination of the intensity
of GFP mRNA expression in human fibroblasts after
3 consecutive, daily transfections.
FIG 2: Comparison of the effects of B18R and
SOCS1 mRNA for the generation of iPSCs using
mRNA transfection
FIG 3: Effects of modified and unmodified mRNA for
reprogramming human newborn foreskin fibroblasts
into iPSCs.
FIG 4: Effects of the length of poly A tail for the suc-
cessful reprogramming of fibroblasts into iPSCs
FIG 5: Effect of the length of polyA tail for expression
of the GFP protein
FIG 6: Effect of SOCS1 mRNA on the cell vitality and
transfection rate after electroporation of eGFP plas-
mid DNA into T cell (FIG 6A, B, C).

Detailed description of the invention

[0017] In one aspect the invention provides the use of
a nucleic acid encoding SOCS1 for enhancing the effi-
cacy of introducing at least one nucleic acid of interest
into a cell and/or for improved survival of a cell into which
at least one nucleic acid of interest is introduced.
[0018] Said nucleic acid encoding SOCS1 may be mR-
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NA and may have a poly(A) tail at its 3’ end comprising
at least 200 adenines, at least 500 adenines, at least
1000 adenines, at least 1500 adenines, at least 2000
adenines, at least 2500 adenines, at least 3000 ad-
enines, at least 3500 adenines, at least 4000 adenines,
at least 4500 adenines, at least 4500 adenines, at least
5000 adenines, at least 5500 adenines or at least 6000
adenines.
[0019] Said at least one nucleic acid of interest may
be DNA.
[0020] Said at least one nucleic acid of interest may
be mRNA and may have a poly(A) tail at its 3’ end com-
prising at least 200 adenines, at least 500 adenines, at
least 1000 adenines, at least 1500 adenines, at least
2000 adenines, at least 2500 adenines, at least 3000
adenines, at least 3500 adenines, at least 4000 ad-
enines, at least 4500 adenines, at least 4500 adenines,
at least 5000 adenines, at least 5500 adenines or at least
6000 adenines.
[0021] The use of said nucleic acid encoding SOCS1
for enhancing the efficacy of introducing at least one nu-
cleic acid of interest into a cell is disclosed in more detail
in the following sections.
[0022] In one aspect the invention provides a method
of repeated transfection of a cell with at least one nucleic
acid of interest, e.g. in a cell culture medium, comprising
the steps of adding to the cell

a) a nucleic acid encoding SOCS1; and simultane-
ously or subsequently
b) said at least one nucleic acid of interest encoding
at least one polypeptide of interest;

wherein at least step b) is repeated at least once.
[0023] Step a) may be also repeated every time when
step b) is repeated, alternatively step a) may be repeated
at least every second, third, fourth, fifth, sixth, seventh
or eighth time when step b) is repeated.
[0024] In one embodiment of the invention, when step
a) is also repeated every time when step b) is repeated,
then the invention provides a method of repeated trans-
fection of a cell with at least one nucleic acid of interest,
e.g. in a cell culture medium, comprising the steps of
adding to the cell (or to the medium if the cell is in a cell
medium)

a) a nucleic acid encoding SOCS1; and simultane-
ously or subsequently
b) said at least one nucleic acid of interest encoding
at least one polypeptide of interest;

wherein said steps are repeated at least once during cul-
turing said cells.
[0025] Said at least one nucleic acid of interest and
said nucleic acid encoding SOCS1 may be mRNAs,
wherein each of said mRNAs may have a poly(A) tail at
its 3’ end comprising at least 200 adenines, at least 500
adenines, at least 1000 adenines, at least 1500 ad-

enines, at least 2000 adenines, at least 2500 adenines,
at least 3000 adenines, at least 3500 adenines, at least
4000 adenines, at least 4500 adenines, at least 4500
adenines, at least 5000 adenines, at least 5500 adenines
or at least 6000 adenines.
[0026] Said at least step b) may be repeated at least
three times, preferentially five times, wherein said poly(A)
tail comprises at least 2000 adenines.
[0027] Said at least step b) may be repeated at least
8 times, wherein said poly(A) tail comprises at least 4000
adenines.
[0028] Both said nucleic acids may be provided as mR-
NA in the present method or alternatively, the nucleic
acid encoding SOCS1 may be mRNA and the nucleic
acid of interest encoding a polypeptide of interest may
be DNA or vice versa.
[0029] In each of said mRNAs used in the present
method 0% to 50%, preferentially 0% to 25% of the nu-
cleobases uracil and/or cytosine of the mRNAs may be
modified nucleobases.
[0030] More preferentially, said mRNAs used in the
present method are unmodified mRNA,
Modified mRNAs have been described to diminish the
innate immunity of the transfected RNAs. Depending on
the given application, higher modification rates are as-
sumed to improve survival of cells even with repeated
transfections. However, translation of modified mRNAs
is diminished and therefore unmodified mRNAs will be
preferred if repeated transfections can be achieved by
other means than using modified nucleotides.
[0031] The period of repeating step a) and step b) or
at least step b) may be one repeat between 4 hours to
48 hours, preferentially between 6 hours to 36 hours,
more preferentially between 6 hours and 24 hours or the
repeat may be daily.
[0032] Said cell may be a primary cell. Said cell may
be a differentiated or somatic cell. Said cell may be an
iPS cell or a stem cell. Said cell may be from a cell line
[0033] Said at least one nucleic acid of interest may
encode at least one reprogramming factor able to repro-
gram a primary cell or differentiated cell into an iPSC.
Then the present method is used for reprogramming a
primary cell or differentiated cell into an iPS cell.
[0034] Said at least one reprogramming factor may be
selected from the group consisting of Oct3/4, c-myc,
Sox2, Lin28, Klf4, and Nanog.
[0035] Said at least one nucleic acid of interest may
be a differentiation factor able to trans-differentiate a so-
matic cell into a different cell type. Then the present meth-
od is used for trans-differentiation of a somatic cell into
a different cell type.
[0036] Examples for such differentiation factors are
MyoD, Gata4, Mef2c, Tbx5, Pdx1, Ngn3, MafA, Ascl1,
Brn2, and Myt11.
[0037] In addition, said at least one nucleic acid of in-
terest may be selected from the group consisting of DNA,
mRNA, shRNA, siRNA, miRNA. Said nucleic acid of in-
terest may be DNA, e.g. a plasmid encoding a gene of
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interest. Said nucleic acid of interest may be nucleic acid
sequence encoding a chimeric antigen receptor (CAR).
[0038] Said cell may be an immune cell, e.g. a T cell.
[0039] Said method may be performed in a closed sys-
tem.
[0040] Said method performed in a closed system may
be an automated method.
[0041] An example for a closed system is the Clini-
MACS Prodigy® (Miltenyi Biotec GmbH, Germany,
WO2009/072003).
[0042] In a further aspect the invention provides a
method of electroporation of a cell with at least one nu-
cleic acid of interest, e.g. in a cell culture medium, com-
prising the steps of adding to the cell (or to the medium)

a) a nucleic acid encoding SOCS1, and simultane-
ously or subsequently
b) said at least one nucleic of interest.

[0043] Said nucleic acid encoding SOCS1 may be
SOCS mRNA or DNA, e.g. a plasmid encoding the
SOCS1. Preferentially, said nucleic acid encoding
SOCS1 may be SOCS1 mRNA. Said nucleic acid encod-
ing SOCS1 may be SOCS1 mRNA, wherein in said mR-
NA 0% to 50% of the nucleobases uracil and/or cytosine
may be modified nucleobases , preferentially, wherein in
said mRNA 0% to 25% of the nucleobases uracil and/or
cytosine may be modified nucleobases , more preferen-
tially wherein said mRNAs may be unmodified mRNA.
[0044] If said nucleic acid of interest is also mRNA,
then said mRNA is a mRNA wherein in said mRNA 0%
to 50% of the nucleobases uracil and/or cytosine may be
modified nucleobases , preferentially, wherein in said
mRNA 0% to 25% of the nucleobases uracil and/or cy-
tosine may be modified nucleobases, more preferentially
wherein said mRNAs may be unmodified mRNA.
[0045] Said at least one nucleic acid of interest and
said nucleic acid encoding SOCS1 may be mRNAs,
wherein each of said mRNAs may have a poly(A) tail at
its 3’ end comprising at least 200 adenines, at least 500
adenines, at least 1000 adenines, at least 1500 ad-
enines, at least 2000 adenines, at least 2500 adenines,
at least 3000 adenines, at least 3500 adenines, at least
4000 adenines, at least 4500 adenines, at least 4500
adenines, at least 5000 adenines, at least 5500 adenines
or at least 6000 adenines.
[0046] Both said nucleic acids may be provided as mR-
NA in the present method or alternatively, the nucleic
acid encoding SOCS1 may be mRNA and the nucleic
acid of interest encoding a polypeptide of interest may
be DNA or vice versa.
[0047] In addition, said at least one nucleic acid of in-
terest may be selected from the group consisting of DNA,
mRNA, shRNA, siRNA, miRNA. Said nucleic acid of in-
terest may be DNA, e.g. a plasmid encoding a gene of
interest. Said nucleic acid of interest may be nucleic acid
sequence encoding a chimeric antigen receptor (CAR).
[0048] Said cell may be an immune cell, e.g. a T cell.

[0049] Said method may be performed in a closed sys-
tem.
[0050] Said method performed in a closed system may
be an automated method.
[0051] An example for a closed system is the Clini-
MACS Prodigy® (Miltenyi Biotec GmbH, Germany,
WO2009/072003).
[0052] The SOCS1 nucleic acid may be replaced by
another member of the SOCS1 family having similar
properties compared to SOCS1 protein, e.g. SOCS3 and
CIS (Liang et al. Eur. J. Immunol. 2014. 44: 1265-1275)
which also inhibit the activation of the JAK/STAT signal-
ing pathways.

Definitions

[0053] Unless defined otherwise, technical and scien-
tific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to
which this invention belongs.
[0054] The term "nucleic acid" is the overall name for
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA).
Nucleic acids (nucleic acid sequences) are linear poly-
mers of nucleotides. Each nucleotide consists of three
components: a purine or pyrimidine nucleobase (base),
a pentose sugar, and a phosphate group. The substruc-
ture consisting of a nucleobase plus sugar is termed a
nucleoside. Nucleic acid types differ in the structure of
the sugar in their nucleotides-DNA contains 2’-deoxyri-
bose while RNA contains ribose. Also, the nucleobases
found in the two nucleic acid types are different: adenine,
cytosine, and guanine are found in both RNA and DNA,
while thymine occurs in DNA and uracil occurs in RNA.
[0055] Apart from adenine (A), cytosine (C), guanine
(G), thymine (T) and uracil (U), DNA and RNA also may
contain bases that have been modified. In DNA, the most
common modified base is 5-methylcytosine (m5C). In
RNA, there are many modified bases, including those
contained in the nucleosides pseudouridine (Ψ), dihy-
drouridine (D), inosine (I), and 7-methylguanosine (m7G).
[0056] The term "modified ribonucleoside" refers to a
ribonucleoside other than the standard guanine (G), ad-
enine (A), cytidine (C), and uridine (U) nucleosides. Such
modifications can occur naturally e.g. by post-transcrip-
tional modifications to mammalian cell mRNA. For in vitro
transcribed mRNA, also synthetic nucleotides can be
used to produce modified RNAs.
[0057] Modified nucleoside are preferentially 5’-meth-
ylcytidine and/or pseudouridine. Other nucleosides, that
can be used, but are not limited to, are N6-methylade-
nosine (m6A), 3,2’-0-dimethyluridine (m4U), 2-thiourid-
ine (s2U), 2’ fluorouridine, 2’-0-methyluridine (Um), 2’de-
oxy uridine (2’ dU), 4- thiouridine (s4U), 5-methyluridine
(m5U), 2’-0-methyladenosine (m6A), N6,2’-0-dimethyl-
adenosine (m6Am), N6,N6,2’-0-trimethyladenosine
(m62Am), 2’-0-methylcytidine (Cm), 7-methylguanosine
(m7G), 2’-0-methylguanosine (Gm), N2,7-dimethylgua-
nosine (m2,7G), N2, N2, 7- trimethylguanosine

7 8 



EP 3 241 905 A1

6

5

10

15

20

25

30

35

40

45

50

55

(m2,2,7G), and inosine (I). Polyadenylation is the addi-
tion of a poly(A) tail to an RNA, preferentially messenger
RNA (mRNA). The poly(A) tail consists of multiple ade-
nosine monophosphates; in other words, it is a stretch
of RNA that has only adenine bases. In eukaryotes, poly-
adenylation is part of the process that produces mature
messenger RNA (mRNA) for translation. It, therefore,
forms part of the larger process of gene expression. Nor-
mally, the eukaryotic mRNA contains a 5’ cap. This 5’
cap (also termed an RNA cap, an RNA 7-methylguano-
sine cap, or an RNA m7G cap) is a modified guanine
nucleotide that has been added to the "front" or 5’ end
of a eukaryotic messenger RNA shortly after the start of
transcription. The 5’ cap consists of a terminal 7-methyl-
guanosine residue that is linked through a 5’-5’-triphos-
phate bond to the first transcribed nucleotide. Its pres-
ence is critical for recognition by the ribosome and pro-
tection from RNases. The mRNAs described herein and
used in the present invention have a 5’ cap. Naturally
occurring cap structures comprise a 7-methyl guanosine
that is linked via a triphosphate bridge to the 5 ’-end of
the first transcribed nucleotide, resulting in a dinucleotide
cap of m7G(5’)ppp(5’)N, where N is any nucleoside. The
5’-terminal nucleoside is typically a guanosine, and is in
the reverse orientation to all the other nucleotides, i.e.,
G(5’)ppp(5’)GpNpNp. Besides of using an enzymativ re-
action to introduce the CAP structure to in vitro tran-
scribed RNA, CAP analogs can be used to introduce the
CAP structure already during the in vitro transcripition.
[0058] Such CAP analog can be a so called Anti-Re-
verse Cap Analog ("ARCA"), in which the 2’ or 3’ OH
group has been replaced with -OCH3.
[0059] The terms "encoding" or "coding for" can be
used interchangeably. "Encoding" as used herein refers
to the property of specific sequences of nucleotides in a
polynucleotide, such as a gene, a cDNA, or an mRNA,
to serve as templates for synthesis of other macromole-
cules such as a defined sequence of amino acids. Thus,
a gene encodes a protein if transcription and translation
of mRNA corresponding to that gene produces the pro-
tein in a cell or other biological system. A "nucleic acid
(sequence) encoding a polypeptide" includes all nucle-
otide sequences that are degenerate versions of each
other and that code for the same amino acid sequence.
[0060] The term "expression" as used herein is defined
as the transcription and/or translation of a particular nu-
cleotide sequence driven by its promoter in a cell.
[0061] Suppressor of cytokine signaling 1 is a protein
that in humans is encoded by the SOCS1 gene (SOCS1).
This gene encodes a member of the STAT-induced STAT
inhibitor (SSI), also known as suppressor of cytokine sig-
nalling (SOCS), family. SSI family members are cytokine-
inducible negative regulators of cytokine signaling. The
expression of this gene can be induced by a subset of
cytokines, including IL2, IL3 erythropoietin (EPO), GM-
CSF, and interferon-gamma (IFN-y). The protein encod-
ed by this gene functions downstream of cytokine recep-
tors, and takes part in a negative feedback loop to atten-

uate cytokine signaling. The term "nucleic acid encoding
SOCS1" as used herein refers to any nucleic acid (se-
quence) which encodes a complete SOCS1 protein or
functional fragment thereof when transcription and/or
translation of mRNA corresponding to that gene is per-
formed in a cell.
[0062] It has been shown that SOCS1 peptides can
replace functional SOCS1 full length protein (He, C et al,
J Autoimmun. 2015;)
[0063] The nucleic acid encoding SOCS1 may be a
nucleic acid sequence derived from a mammal such as
human, mouse, rat or sheep (e.g. an mRNA encoding
mammal SOCS1), preferentially, the nucleic acid encod-
ing SCOS1 is a human sequence of SOCS1 (e.g. an
mRNA encoding human SOCS1).
[0064] The term "nucleic acid of interest" as used here-
in refers to any nucleic acid, nucleic acid sequence or
nucleic acid polymer which is intended to be co-intro-
duced together with the nucleic acid encoding SOCS1
into a cell. Said nucleic acid of interest may be a DNA
molecule, e. g. gene of interest or a RNA molecule such
mRNA, shRNA, siRNA, or miRNA. If the nucleic acid of
interest is DNA or mRNA encoding a polypeptide of in-
terest then the wording "nucleic acid of interest encoding
a polypeptide of interest" may also be used herein. Said
polypeptide may be a full-length protein or functional frag-
ments thereof.
[0065] The term "co-introducing" as used herein refers
to the intention of introducing several nucleic acids (the
nucleic acid encoding SOCS1 and at least one nucleic
acid of interest) into a cell. Several physical or chemical
or biological methods are well known in the art for intro-
ducing nucleic acids into a cell, such as electroporation
or lipofection or transfection by chemical compounds or
viral transduction.
[0066] It is sufficient that the nucleic acid encoding
SOCS1 is co-introduced into the cell with at least one
nucleic acid of interest in one transfection of the at least
once repeated transfections (several transfections) as
long as the nucleic acid encoding SOCS1 is present and
translated into the SOCS1 protein in the cell during further
transfections with the nucleic acids of interest. In one
embodiment of the invention, the nucleic acids are intro-
duced within one transduction or transfection. In another
embodiment of the invention the nucleic acid encoding
SOCS1 can also be introduced separately e.g. before or
after introducing the at least one nucleic acid of interest
into a cell as long as the at least two nucleic acids are
present in the cell within the same time for at least 72 h,
48 h, 36 h, 24 h, 18 h, 12 h, 6 h, 4 h, 2 h or 1 h. The term
"simultaneous(ly)" in the context of adding the several
nucleic acids to the medium in the method as disclosed
herein has the same meaning as "co-introducing", there-
fore the addition of the several nucleic acids to the cell
medium successively (but within one transduction or
transfection or electroporation process) is also encom-
passed by the term "simultaneous(ly)".
[0067] Transfection is the process of deliberately intro-
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ducing nucleic acids into cells. The term "repeated trans-
fection" as used herein refers to the transfection of the
same cell(s), e.g. in a cell culture medium, more than
once.. To repeatedly transfect a cell during the culturing
of the cell the nucleic acids to be transfected have to be
added repeatedly to the cell or the cell medium. In the
method as disclosed herein the period (duration) of re-
peating the steps of addition to the cell or the cell medium

a) a nucleic acid encoding SOCS1, and simultane-
ously or subsequently
b) at least one nucleic acid encoding at least one
polypeptide of interest;

wherein at least step b) is repeated at least once,
may be one repeat between 4 hours to 48 hours, prefer-
entially between 6 hours to 36 hours, more preferentially
between 6 hours and 24 hours or daily. But generally,
any duration (or period) between to transfection process-
es may be chosen.
[0068] Several kind of transfection reagents are well
known in the art and may be commercially available such
as e.g. Lipofectin® Reagent (Thermo Fisher Scientific
Inc) or others. Transfection reagents include but are not
limited to polycationic compounds (like Polyethylenimine
(PEI), poly-L-lysine or DEAE-Dextrane), chemical com-
pounds like Calcium phosphate or liposomal formula-
tions containing charged lipids and polymers (lipe DO-
TAP [N-[1-(2,3-dioleoyloxy)propyl]-N,N,N- trimethylam-
monium methyl sulfate], 1,2-di-O-octadecenyl-3-trimeth-
ylammonium propane (DOTMA) and combinations
thereof, e.g. LIPOFECTAMINE™ is a 3:1 (w/w) mixture
of the polycationic lipid, 2 ,3-dioleyloxy-N-[2(spermine-
carboxamido)ethyl]-N,N-dimethyl-1-propanaminium trif-
luoroacetate (DOSPA), and DOPE. The nucleic acid en-
coding SOCS1 and the at least one nucleic acid of inter-
est may be delivered into a cell by using a transfection
reagent as described above or by using any transfection
reagent known to the skilled person and suitable for trans-
fecting a cell.
[0069] The term efficiency of transfection as used here-
in includes the aspects of expression levels of the nucleic
acids of interest and/or the overall cell survival and/or
transfection rate.
[0070] The term electroporation is the process of ap-
plying an electric field to cells, thereby disturbing the in-
tegrity of the cell membrane, and allowing molecules like
nucleic acids to enter the cells. Loosing cell membrane
integrity can be lethal to cells and electroporation condi-
tions have to be balanced between transfection efficiency
and cell survival. Improving cell survival by introducing
SOCS1 nucleic acid into the cells allows higher transfec-
tion rates to be achieved.
[0071] The term enhanced efficiency or enhancing ef-
ficiency describes the fact that over cell survival is im-
proved and/or expression levels are enhanced and/or
transfection rate is improved.
[0072] The term "cell culture medium" as used herein

includes liquids providing the chemical conditions which
are required for cell maintenance. Examples of chemical
conditions which may support cell expansion include but
are not limited to solutions, buffers, serum, serum com-
ponents, nutrients, vitamins, cytokines and other growth
factors which are regularly provided in (or may be given
manually to) the cell culture medium. Media suitable for
use to cultivate cells and those for special applications
e.g. special medium for reprogramming of primary cells
to induced pluripotent stem cells are known in the art
[0073] As used herein the term "culturing" includes pro-
viding the chemical and physical conditions (e.g., tem-
perature, gas) which are required for cell maintenance,
and growth factors. Often culturing the cells includes pro-
viding the cells with conditions for expansion (prolifera-
tion). Examples of chemical conditions which may sup-
port cell expansion include but are not limited to buffers,
serum, nutrients, vitamins, antibiotics, cytokines and oth-
er growth factors which are regularly provided in (or may
be given manually to) the cell culture medium suited for
cell expansion. Media for maintenance and/or expansion
of cells are well-known in the art. Cells that are cultured
directly from a subject are known as primary cells. With
the exception of some derived from tumors, most primary
cell cultures have limited lifespans.
[0074] A somatic cell is any biological cell forming the
body of an organism; that is, in a multicellular organism,
any cell other than a gamete, germ cell, gametocyte or
undifferentiated stem cell.
[0075] The term "reprogramming factor(s)" as used
herein, refers to one or more biologically active polypep-
tides or nucleic acids encoding them or small molecules
that act on a cell to alter transcription, and which upon
expression, reprogram a somatic cell to a different cell
type, or to multipotency or to pluripotency.
[0076] Induced pluripotent stem cells (also known as
iPS cells or iPSCs) are a type of pluripotent stem cell that
can be generated directly from newborn and adult prima-
ry cells. iPSCs are typically derived by introducing a spe-
cific set of pluripotency-associated genes, or "reprogram-
ming factors", into a given cell type. The original set of
reprogramming factors (also dubbed Yamanaka factors)
are the genes Oct4 (Pou5f1), Sox2, cMyc, and Klf4. While
this combination is most conventional in producing iP-
SCs, each of the factors can be functionally replaced by
related transcription factors, miRNAs, small molecules,
or even non-related genes such as lineage specifiers.
The reprogramming mixture can also be amended by
more reprogramming factors to improve efficiency of re-
programming.
[0077] Differentiation factors are often transcription
factors which promote the differentiation of a more
pluripotent cell such as an embryonic stem cell or iPSC
into a less pluripotent cell such as a differentiated cell
like a fibrobast cell, neuronal cell or a cardiomyocyte. But
differentiation factors can also be transcription factors
which promote the differentiation from a differentiated
cell into another cell differentiated cell type (trans-differ-
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entiation).
[0078] The term "trans-differentiation" is also known
as lineage reprogramming. It is a process where one ma-
ture somatic cell transforms into another mature somatic
cell without undergoing an intermediate pluripotent state
or progenitor cell type.
[0079] The term "closed system" as used herein refers
to any closed system which reduces the risk of cell culture
contamination while performing culturing processes such
as the introduction of new material and performing cell
culturing steps such as proliferation, differentiation, acti-
vation, genetic modification and/or separation of cells.
Such a system allows to operate under GMP or GMP-
like conditions ("sterile") resulting in cell compositions
which are clinically applicable.
[0080] An example for a closed system is the Clini-
MACS Prodigy® (Miltenyi Biotec GmbH, Germany,
WO2009/072003).
[0081] The terms "automated method" or "automated
process" as used herein refer to any process being au-
tomated through the use of devices and/or computers
and computer software which otherwise would or could
be performed manually by an operator. Methods (proc-
esses) that have been automated require less human
intervention and less human time to deliver. In some in-
stances a method is automated if at least one step of the
method is performed without any human support or in-
tervention. Preferentially the method is automated if all
steps of the method are performed without human sup-
port or intervention.

Embodiments

[0082] In one embodiment of the invention, the nucleic
acids of interest used in the method disclosed herein are
e.g. nucleic acids encoding transcription factors (for ex-
ample Oct3/4, c-myc, Sox2, Lin28, Klf4, Nanog) used for
reprogramming of primary, differentiated cells (for exam-
ple, but not limited to human fibroblasts, renal epithelial
cells, endothelial cells, mesenchymal stem cells) into iP-
SCs. The nucleic acids of interest are provided as mR-
NAs and are delivered using a transfection reagent suit-
able for transfecting the to be reprogrammed cells. The
addition of SOCS1 mRNA to the to be transfected mR-
NAs of interest prevents massive cell death due to innate
immune activation caused by the repeated transfection
of the mRNAs. The addition of SOCS1 mRNA can also
enhance expression levels of the introduced mRNAs
thereby increasing the efficiency of reprogramming of the
primary cells. The addition of SOCS 1 mRNA omits the
need of addition of other immune suppressive com-
pounds to the medium. Preferentially both the SOCS1
mRNA and the mRNA(s) of interest have a poly(A) tail
comprising at least 1500, more preferentially at least
2000 adenines.
[0083] In one embodiment of the invention the mRNAs
used in the herein described embodiments may bear
modified nucleobases if the nucleic acids used are mR-

NA. In one embodiment of the invention 0% to 25% of
the bases cytosine/uracil in the mRNAs used may be
modified cytosines/uracils.
[0084] In one embodiment of the invention the nucleic
acids of interest used in the method disclosed herein are
e.g. transcription factors (for example Oct3/4, c-myc,
Sox2, Lin28, Klf4, Nanog) used for reprogramming of pri-
mary, differentiated cells (for example, but not limited to
human fibroblasts, renal epithelial cells, endothelial cells,
mesenchymal stem cells) into iPSCs. The nucleic acids
of interest are provided as DNA, e.g. within an episomal
plasmid, and are delivered using a transfection reagent
suitable for transfecting the to be reprogrammed cells.
The addition of SOCS1 mRNA during the transfection
process prevents massive cell death due to innate im-
mune activation caused by the exogenously added DNA.
The addition of SOCS1 mRNA can also enhance expres-
sion levels of the introduced DNA plasmids thereby in-
creasing the efficiency of reprogramming of the primary
cells. The addition of SOCS 1 mRNA omits the need of
addition of other immune suppressive compounds to the
medium. Preferentially the SOCS1 mRNA has a poly(A)
tail comprising at least 1500, more preferentially at least
2000 adenines.
[0085] In one embodiment of the invention the nucleic
acids of interest used in the method disclosed herein are
e.g. transcription factors (for example Oct3/4, c-myc,
Sox2, Lin28, Klf4, Nanog) used for reprogramming of pri-
mary, differentiated cells (for example, but not limited to
human fibroblasts, renal epithelial cells, endothelial cells,
mesenchymal stem cells) into iPSCs. The nucleic acids
of interest may be provided as mRNA or as DNA, e.g.
within a plasmid, and are delivered using e.g. transfection
reagent suitable for transfecting the to be reprogrammed
cells. The addition of DNA encoding SOCS1 during the
transfection process prevents massive cell death due to
innate immune activation caused by the exogenously
added mRNA or DNA. The addition of the DNA encoding
SOCS1 can also enhance expression levels of the intro-
duced DNA plasmids which harbor the nucleic acids of
interest thereby increasing the efficiency of reprogram-
ming of the primary cells. The addition of the DNA en-
coding SOCS 1 omits the need of addition of other im-
mune suppressive compounds to the medium. When the
nucleic acids of interest are mRNAs then preferentially
the mRNAs of interest have a poly(A) tail comprising at
least 1500, more preferentially at least 2000 adenines.
[0086] In one embodiment of the invention the nucleic
acids of interest is one or more transcription factors nec-
essary for trans-differentiation of a somatic cell into a
different cell type, e.g. repeated transfection of a fibrob-
last into skeletal muscle cells with MyoD mRNA or DNA
encoding MyoD. Trans-differentiation can also be
achieved by using repeated transfection and is accom-
panied by activation of innate immune pathways coun-
teracting the trans-differentiation efforts by inducing cell
death or activating unwanted cell signaling pathways. In
the art, addition of B18R protein is used to suppress ac-
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tivation of innate immune pathways. The addition of a
nucleic acid encoding SOCS1 such as SOCS1 mRNA
during the transfection process prevents massive cell
death due to innate immune activation caused by the
repeated transfection of the mRNAs. The addition of the
nucleic acid encoding SOCS1 such as SOCS1 mRNA
can also enhance expression levels of the introduced
mRNAs or DNAs thereby increasing the efficiency of
trans-differentiation of the somatic cell into a different cell
type. When mRNA is used, then preferentially both the
SOCS1 mRNA and the mRNA(s) of interest have a po-
ly(A) tail comprising at least 1500, more preferentially at
least 2000 adenines.
[0087] In one embodiment of the invention the addition
of SOCS1 mRNA as disclosed herein can also be used
to enhance the effects of adding neuronal transcription
factors to a cell (e.g. fibroblasts) for trans-differentiation
of the cell into neuronal cells or their progenitor cells by
introducing specific transcription factors into said cell,
e.g. Ascl1, Brn2, NeuroD1 and/or Myt11). The SOCS1
mRNA can also be used to trans-differentiation ta cell
(e.g. fibroblasts) into cardiomyocyte cells by introduction
of various transcription factors (e.g. GATA4, Mef2c,
Tbx5).
[0088] In one embodiment of the invention the nucleic
acids of interest are delivered to the cell by electropora-
tion using electroporation procedures known in the art.
The nucleic acids of interest are delivered either as mR-
NA or DNA with the said SOCS nucleic acid either as
mRNA or DNA by adding the nucleic acids to cells and
applying an electric field to disrupt the cell membrane
and enable nucleic acids to enter the cells. The use of
SOCS nucleic acids is preferred for cells with effective
innate immune reactions against foreign nucleic acids.
For example it is well known in the art that massive cell
death occurs after electroporation of plasmid DNA to T
cells.
[0089] In one embodiment of the invention the addition
of SOCS1 mRNA is used for the delivery of mRNA, shS-
NA, miRNA, siRNA, or plasmid DNA that might be toxic
to the cells to enhance cell survival. The potentially toxic
nucleic acid might also be applied subsequently to the
SOCS nucleic acid to allow translation of the SOCS1
protein or fragment and suppression of cytokine secre-
tion before the potentially toxic nucleic acid enters the
cells. As repeated transfections are tedious and accom-
panied by cell stress
[0090] In an preferred embodiment, the electropora-
tion is performed in a closed system.

Examples

[0091] Hereinafter, the present invention is described
in more detail and specifically with reference to the ex-
amples, which however are not intended to limit the
present invention.

Example 1: GFP expression in the presence of SOCS1 
mRNA

[0092] SOCS1 and B18R mRNA was generated by in
vitro transcription using T7 Polymerase (Miltenyi Biotec
GmbH) in the presence of the modified nucleotides pseu-
douridine and 5-methylcytidine. The in vitro transcribed
mRNA was capped using the vaccinia virus capping
enyme (New England Biolabs, Inc.). A polyA tail was add-
ed using the yeast polyA polymerase (Affymetrix, Thermo
Fisher Scientific). The polyA tail of SOCS1 and B18R
mRNA contained approx. 1500 adenine bases. GFP mR-
NA was generated similarly except that only unmodified
nucleotides were used for transcription and that the polyA
tail contained at least 3000 nucleotides (nt). Human new-
born foreskin fibroblasts (BJ) were transfected with in
vitro transcribed GFP in the presence of increasing
amounts of B18R or SOCS1 mRNA using the Stem-
MACS mRNA transfection kit (Miltenyi Biotec GmbH) ac-
cording to the suppliers instructions. Medium was
changed 4 h after transfection. For controls, GFP mRNA
was transfected without addition of SOCS1 or B18R mR-
NA and in the presence or absence of B18R protein (eBi-
oscience).
[0093] The fibroblasts were transfected daily for 3
days. At day 4, single cell suspensions were subjected
to flow cytometric analysis determining cell viability (us-
ing propidium iodide), GFP expression levels (FITC-
Mean) and % positive cells (gated on propidium iodide
negative cells).
[0094] Daily transfection with GFP mRNA alone result-
ed in a low GFP expression level which could be signif-
icantly increased in the presence of SOCS1 mRNA but
not in the presence of B18R mRNA although with B18R
protein (FIG.1). The MFI of cells co-transfected with GFP
and SOCS1 mRNA is higher compared to cells co-trans-
fected with GFP and B18R mRNA and comparable to
cells only transfected with GFP mRNA. The MFI is close
to MFI of cells transfected 3 times with GFP mRNA only
but in the presence of B18R protein.
[0095] This experiment shows that despite the anti-vi-
ral activity of B18R protein, B18R mRNA is not able to
rescue the cells from activation of innate immunity. In-
duction of innate immune responses results in a de-
creased GFP expression level. SOCS1 mRNA is able to
increase the GFP expression levels significantly.

Example 2: Reprogramming fibroblasts into induced 
pluripotent stem cells using SOCS1 mRNA

[0096] Human newborn foreskin fibroblasts (BJs) were
plated in different cell densities and transfected using a
mRNA mixture containing Oct4 : Sox2 : Klf4 : Lin28 : c-
Myc : Nanog : nuclear eGFP (all mRNAs contained polyA
tails > 2000 nt). The cells were transfected using a short-
ened reprogramming protocol with 2 daily transfections
(6h interval) for 5 consecutive days. Medium was ex-
changed immediately before transfection. In one condi-
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tion, the medium was supplemented with B18R protein
as used in published protocols (200 ng/ml), in the other
condition, SOCS1 mRNA containing polyA tail > 2000 nt
was added to the mixtures of mRNAs and transfected
simultaneously. Generated iPSCs were identified at d14
(13 days after first transfection) by intracellular staining
of the iPSC colonies using Oct3/4 which is a pluripotency
marker. Number and size of the generated iPSCs was
higher in case of cells transfected with SOCS1 mRNA
compared to use of B18R protein (see FIG 2).

Example 3: Reprogramming of fibroblasts into induced 
pluripotent stem cells using unmodified or 25% modified 
mRNA

[0097] Human newborn foreskin fibroblasts were plat-
ed on Matrigel coated plates and transfected with mRNA
mixtures containing either modified mRNA (75% uridine
and 25% pseudouridine, 75% cytidine and 25% 5-meth-
ylcytidine used in the in-vitro transcription to produce the
RNA) or unmodified mRNA with polyA tails > 2000nt.
Both mixtures contained SOCS1 mRNA The iPSC colo-
nies were generated using a newly developed protocol
using two daily transfections for 5 days with medium ex-
changes before each transfection. First colonies could
be detected at d10 and stained at d14 (13 days after first
transfection). The colonies were identified by intracellular
staining using Oct 3/4 as a pluripotency marker. Efficien-
cy of iPSCs generation is significantly enhanced when
unmodified mRNA is used (see FIG 3).

Example 4: Effect of length of poly(A) on reprogramming 
efficiency

[0098] Human newborn foreskin fibroblasts were plat-
ed on Matrigel coated plates and transfected with mRNA
mixtures containing 25 % modified mRNA (75% uridine
and 25% pseudouridine, 75% cytidine and 25% 5-meth-
ylcytidine used in the in-vitro transcription to produce the
RNA) and a poly(A) tail shorter than 2000 nt or longer
than 2000 nt. To all mixtures containing the mRNA of
reprogramming factors SOCS1 mRNA was added. The
iPSC colonies were generated using a newly developed
protocol using two daily transfections for 5 days with me-
dium exchanges before each transfection. First colonies
could be detected at d10 and stained at d14 (13 days
after first transfection). The colonies were identified by
intracellular staining using Oct 3/4 as a pluripotency
marker. Only the mixtures containing poly(A) > 2000 nt
of both kinds of mRNA (Reprogramming factors and
SOCS1 mRNA) gave rise to iPSC colonies when trans-
fection was performed ten times (see FIG 4).

Example 5: Effect of length of poly(A) on GFP expression

[0099] HeLa cells were plated and transfected with
GFP mRNA containing either a short poly(A) tail (< 500nt)
or a long poly (A) tail (> 500 nt) using TransIT transfection

reagent (Lifetechnologies). Cells were cultivated for 24h
and harvested for quantification using flowcytometric as-
sessment. Transfection of GFP mRNA with long poly(A)
tails yielded in higher percentage of transduced cells and
in higher GFP expression levels as indicated by a higher
mean fluorescence index (MFI) (see FIG 5).

Example 6: Effect of SOCS1 mRNA on the cell vitality 
and transfection rate after electroporation of eGFP plas-
mid DNA into T cell

[0100] Human T cells were isolated from peripheral
blood mononuclear cells (PBMC) using the pan T cell
isolation kit, human (Miltenyi Biotec). Isolated T cells
were seeded in 48-well plates at 1.9 x 106 cells in 0.5 ml
TexMACS medium (Miltenyi Biotec) supplemented with
Proleukin S (Il2) at a final concentration of 20 ng/ml (The
ED50 is ≤0.3 ng/mL* corresponding to a specific activity
of ≥3.0 x 106 IU/mg (calibrated with NIBSC 86/504) or
≥1 x 107 IU/mg (calibrated with Proleukin®)) and penicil-
lin-streptomycin at a final concentration of 50 to 100
I.U./ml penicillin and 50 to 100 mg/ml streptomycin and
cultivated at 37°C and 5% CO2.
[0101] Three days before electroporation, T cells were
activated using MACS® GMP TransAct CD3/CD28 Kit
(Miltenyi Biotec) at recommended titer of 1:200 (MACS
GMP TransAct CD3 Reagent) and 1:400 (MACS GMP
TransAct CD28 Reagent). After 3 days of cultivation at
37°C and 5% CO2, T cells were harvested and centri-
fuged for 10 minutes at 300xg. Cells were resuspended
in PBS and again centrifuged at 300xg. Cells were re-
suspended at 107 cells/ml in 100 ml buffer M (5 mM KCl;
15 mM MgCl2; 120 mM Na2HPO4/NaH2PO4 pH7.2; 50
mM Manitol). The cell suspension was mixed with 2 mg
eGFP encoding plasmid without (control) or mixed with
0.5 mg Socs1 mRNA comprising either a poly-A tail of
about 1400 nucleotides length or of about 4800 nucle-
otides length respectively and immediately transferred
to an electroporation cuvette. The SOCS1 mRNA com-
prised only unmodified nucleotides i.e. Adenosin,
Guanin, Cystosin, Uracil.
[0102] T cells were electroporated on a Nucleofector
Device (Lonza) using the program T-023. After electro-
poration, cells were immediately transferred to an 48 well
plate containing 0.5 ml TexMACS medium (Miltenyi Bi-
otec) supplemented with Proleukin S (Il2) at a final con-
centration of 20 ng/ml (The ED50 is ≤0.3 ng/mL* corre-
sponding to a specific activity of ≥3.0 x 106 IU/mg (cali-
brated with NIBSC 86/504) or ≥1 x 107 IU/mg (calibrated
with Proleukin®)) and penicillin-streptomycin at a final
concentration of 50 to 100 I.U./ml penicillin and 50 to 100
mg/ml streptomycin and cultivated for 2 days at 37°C and
5% CO2. T cells were harvested and centrifuged for 10
minutes at 300xg. For flow cytometric analysis, cells were
resuspended in 40 ml PEB (phosphate buffered saline
containing EDTA), 20 ml FCR-Block, and 50 ml antibody
staining cocktail (CD4-VioBlue, CD8-VioGreen , CD25-
PE, CD69-APC, CD3-APC07). After 10 minutes incuba-
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tion at 4°C in the dark, cells were centrifuged for 10 min-
utes at 300xg and resuspended in 0.5 ml PEB. Just be-
fore flow cytometric analysis, propidium iodide at a final
concentration of 1 mg/ml was added. 25 ml cell suspen-
sion was analyzed on a MACSquant flow cytometer.
[0103] T cell viability was determined according to pro-
pidium iodide staining and eGFP expression was moni-
tored by fluorescence detection in the APC channel. The
control electroporation of eGFP plasmid without SOCS1
mRNA (Fig. 6A) resulted in 58% viable cells and 55% of
the viable cells were eGFP positive. By co-electropora-
tion of eGFP plasmid and SOCS mRNA comprising about
1400 nucleotides of poly-A, 68% of the cells were viable
and 51% of the viable cells were eGFP positive (Fig. 6B).
Surprisingly, by co-electroporation of eGFP plasmid and
SOCS1 mRNA comprising about 4800 nucleotides poly-
A, cell viability increased to 70% and also the proportion
of eGFP positive cells within the viable cells increased
to 61 % (Fig. 6C).
[0104] Apparently, SOCS1 expression after the elec-
troporation of the respective mRNA enhances survival
of T cells electroporated with plasmid DNA. In addition,
a longer poly-A tail used for the electroporated SOCS1
mRNA enhanced the transfection rate i.e. the proportion
of cells expressing the gene of interest.

Claims

1. The use of a nucleic acid encoding SOCS1 for en-
hancing the efficacy of introducing at least one nu-
cleic acid of interest into a cell.

2. The use according to claim 1, wherein said nucleic
acid of interest is DNA.

3. The use according to claim 1 or 2, wherein said nu-
cleic acid encoding SOCS1 is mRNA and has a po-
ly(A) tail at its 3’ end comprising at least 200 ad-
enines.

4. A method of repeated transfection of a cell with at
least one nucleic acid of interest comprising the
steps of adding to the cell

a) a nucleic acid encoding SOCS1; and simul-
taneously or subsequently
b) at least one nucleic acid of interest encoding
at least one polypeptide of interest;

wherein at least step b) is repeated at least once.

5. The method according to claim 4, wherein said at
least one nucleic acid of interest and said nucleic
acid encoding SOCS1 are mRNAs, wherein each of
said mRNAs has a poly(A) tail at its 3’ end comprising
at least 200 adenines.

6. The method according to claim 5, wherein at least
step b) is repeated at least three times and wherein
said poly(A) tail comprises at least 2000 adenines.

7. The method according to any one of claims 4 to 6,
wherein in each of said mRNAs 0% to 50% of the
nucleobases uracil and/or cytosine are modified nu-
cleobases.

8. The method according to any one of claims 4 to 6,
wherein each of said mRNAs is unmodified mRNA.

9. The method according to any one of claims 4 to 8,
wherein the period of one repeat of said at least step
b) is between 4 hours and 48 hours.

10. The method according to any one of claims 4 to 9,
wherein said cell is a primary cell.

11. The method according to any one of claims 4 to 9,
wherein said cell is a somatic cell.

12. The method according to claim 10, wherein said at
least one nucleic acid of interest encodes a repro-
gramming factor.

13. The method according to claim 11, wherein said at
least one nucleic acid of interest encodes a differen-
tiation factor used for trans-differentiation of a so-
matic cell into a different cell type.

14. A method of electroporation of a cell with at least one
nucleic acid of interest comprising the steps of add-
ing to the cell

a) a nucleic acid encoding SOCS1, and simul-
taneously or subsequently
b) said at least one nucleic of interest.

15. The method according to claim 14, wherein said at
least one nucleic acid of interest and said nucleic
acid encoding SOCS1 are mRNAs, wherein each of
said mRNAs has a poly(A) tail at its 3’ end comprising
at least 200 adenines.
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